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5 TITLE 

METHOD OF ACnVATDlG DENDRITIC CELLS 

FIEI.D OF THE INVENTION 

The present invention relates to a dendritic oeU activation factor, to methods of 
10 enhancing a lymphocyte-mediated munune re^xm^ in vivo, and to doidritic cell 
populations usefiil in the manipulatiGD of ceDular and huntooral inumine responses. 

PACKQUOIffff) OF THP INYBNTIQN 
Vaccination is an efficient means of preventing death or disability from infectioas 

IS diseases. The success of this method in the field of infectious disease has also stimulated 
uttered in utilizing vaccination in the treatixtem or prevention of x»opI^^ De^te 
the successes achieved with the use of vaccines, however, there are still many challenge m . 
the field of vaccine development Parcntml routes of admimstration, the numbers of 
different vaccinations requhed and the need for. and frequency of, booster immunizations 

20 dliKiq)ede efforts to control or climiiiate disease. 

One such difficulty is lack of immunogenicity in an antigen, i.e., the antigen is 
unable to promote an effective inunune response against the pathogen, tn addition, certain 
antigens may elicit only a certain type of inuimne response, for example, a ceU-mediated or 
a humoral response. Adjuvants are substances that enhance, augmem or potentiate an 

25 immune response, and can ui some instances be used to pionrnte one type of immune 
response over another. Although numerous vaccine adjuvants are tasown, ahmi is the only 
adjuvant widely used in humans. 

Dendritic cells are a heterogeneous cell population with distinctive morphology and 
a widespread tissue distribution (Steinman. RJM., Atmu, Rev. Immunol, 2:271-296, 

50 1991). Dendrttk cells are refBoed to as "professifmal" antigen presenting cells, and have a 
high c^jacity for sensitizii^ MHC-^estricted T cells. Thus, there is growing interest in 
using dendritic odls ex vivo as tunuir or infectious disease vaodne adjuvants (sec, for 
example, Romani, et al., / Exp. Me^, igQ:83, 1994). Therefore, an agent that enhanced 
the ability of dendritic cells to stimulate an immune respoase would be of wide importance. 



35 



filTMMARV OF THE INVENTION 
The present invention pertains to a nttthod of activating deiulritic cells to enhance 
antigen presenting capacity. The activated, antigen-presenting dendritic ccUs of the 
invention are useful as vaccine adjuvants. 
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The invention also provides a imhod of generating lai^ quamilics of antigen- 
presenting dendritic cells ex vivo. Following collection of an individual's CD34+ 
hematopoietic progenitors and stem cells, cytokines such as granulocyte-macrophage 
colony stimulating fiactor (GM-CSF) and flt-3 Ugand (fll3-L) can be used to expand the 
cells in vitro and to drive ihcm to difTcientiate into cells of the dendritic cdl lineage. 
Cytokines can also be used to increase the numbers of CD34+ cells in circulation prior to 
collection. The resulting dendritic cells are exposed to on antigen one wishes to dicit an 
immune response against, and allowed to process the antigtm (this proccduie is sometimfis 
referred to m the art as "antigen-pulsing"). The antigen-pulsed (or antigen-expressing) 
ctendritic cells arc then activated wiUi a CD40 hhidmg protein, and suhsequentiy 
administered to the individual. 

An alternate method for preparing dendritic cells that preset antigen is to iransfect 
the dendritic cells witfi a gene encoding an antigen or a specific poly|»ptide derived 
therefrom. Once tiie dendritic cells express the antigen in the context of MIIC, Uw dendritic 
15 cells ore activated witii a CD40 binding protein, and suteequenlly administered to die 
individual to provide a stronger and improved immune response to die antigen. 

The activated antigen-presenting dendritic cells can also be used as a vaccine 
adjuvant and can be administered prior to, concuitcntly with or subsequent to antigen 
administration. Moreover, die dendritic cells can be administered to the individual prior to, 
20 concurrenUy witii or subsequent to adnrrinistiation of cytokines tiiat modulate an immune 
response, for cxanqile a CTWO binding protein (i.e.. soluble CD40L), or a soluble CM3 
molecule. Additional useful cytokines include, but are not limited to, Inlerlcukins (IL) 1, 2, 
4, 5, 6, 7, 10, 12 and 15, colony stimulating factors (CSF) such as GM-CSF, gnmulocytc 
colony stimulating factor (G-CSF). or GM<:SF/lL-3 fusion proteins, or otiicr cytokines 
25 such as TNF-a or c-kit ligand. Moreover, biologically active derivatives of these 
cytokines; and combinations thereof will also be useful. 

The invention also provides for the ex vivo preparation of antigen-specific T cells. 
Following the procedures described above for preparing large numbers of antigen- 
presenting dendritic cells cx vivo, die coUcctcd antigen-presenting dendritic cells are used to 
30 generate antigen-specific T cells from naive T cells tijat have been collected ftom die 
individual. After die antigen has been adequately presented to the T cells generated, the 
antigen-specific T ceils can be administered to the individual. 

pyigy PESCTIPnON of THR PPAWiMns r 
35 Figure 1 presents Uie results of an allo-antigen T cell proliferation a.ssay, 

demonstrating that incubation of dendritic cells witii CD40L prior to their use hi an MLR 
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(mixed lymphocyte reaction) increases the ability of the dcndriiic cells to stimulate the 

proliferation of T cells by about threefold, as described in Example 3. 

Figufc 2 iUustrates diat deodridc cells that are cultured with CD4QL arc less effective 

at presenting antigen to antigcn-^ific T cells than dendritic cells that were not exposed to 

5 CD40L, as described in Example 4. 

Figure 3 denwrnstrates thai that dendritic cdls thai are first pulsed with a^ 

cultured with CD40L are more cff ecti ve at presenting antigen to antigen-specific T cdls than 
dcndriiic cells that were pulsed with antigen bm not exposed to CD4^ 

Example 5. 

10 p^rr> ^n.KD DF ,QrF^^'Q^^ THK INVENTION 

The invention is directed to the use of CD4m- to activate antigen-pulsed dendritic 
ceUs. ActivatiOT enhances the ability of the dendritic cells to present anti£^ to lymjrfioid 
cells, and thus augments the imnume response against the antigen. Another embodiment of 
ihc invention is die isolation and use of activauxl. antigen-pulsed dendritic cells as vaccine 

15 adjuvants. The activated, antigen-pulsed dendritic cells may also be used ex vivo to 
generate antigen^pecific T cells. 

Pfndrit'ie cells 

Dendritic cells compria a heterogeneous cell popuhition with distinctive 
20 morphology and a widespread tissue distribution. The dendritic cell system and its role in 
immunity Ls reviewed by Steinman, R,M.» Annu. Rev. Immunol, 9:271-296 (I99i), 
incorporated herein by reference. The cell surface of dendritic cells is unusual, with 
characteristic veU-like projections, and is charMerized by having tiie cell surface raariau^ 
CDla+, CI>4+. CD86+, or HLA-DR+. Dendritic cells have a high capacity for sensitizing 
25 MHC-restriciedT cells and are very effective at piesoiting antigens to T cells in situ, both 
self-antigens during T ccD ttevdopmem and tolerance and foreign antigens during 
immuruty. 

Because of their effectiveness at antigen presentation, titerc is growing interest in 
using dendritic cells ex vivo as mmor or infectious disease vaccine adjuvants (sec, for 

30 example, Romani, et al., /. Exp. Med.. 180:83 (1994). The use of dendritic cells as 
immunostimulatory agents has been limited due to tius low frequency of dendritic cells in 
periphcial bloal, the linuted accessibUity of lymphoid organs and the dendritic cells* 
tetmmal state of differentiation. Dendritic cclU wiginate from CD34+ bone roanow or 
peripheral blood progenitors and peripheral blood mononuclear cells, and the proliferation 

35 and p«it""«ti»n of dendritic cells can be enhanced by die cytokines GM-CSF 
(sargramostim. Leukine®, Immunex CoriM»radon, Seattic, Washmgton), TNF-a, c-kit 
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ligand (also known as stem cell faciDr (SCF). steel factor (SF). or mast cell growth factor 
(MOF)) and intorieukin-4. Recently, flt3-L has been found lo stimulate the generation of 
laije numbers of functionally maUue dendritic cells, both in vivo and in vitro (USSN 
08/539.142, filed October 4. 1995). 

5 

Ex vivo cuhiiiB of d endritiq ppl fg 

A procedure for ex vivo expansion of hematopc^c stem and progenitor cells is 
described in U.S. Patent No. 5.199.942. incoiponued herein by reference. Other suitable 
methods are known in d« art Briefly, ex vivo culture and expaasion comprises: (1) 
10 collecting CD34+ hematopoietic stem and progenitor cells ftam a patient from peripheral 
blood hanrest or bone marrow explants; and (2) expanding such ceUs ex vivo. In addition 
to the cellular growdi facton described in Patent 5.199.942. other factons such as nt3-L. 
IL-1. II.-3 and c-kit ligand, can be used. 

Stem or progenitor eeUs having the CD34 maiker constitute only about 1% to 3% of 
15 the mononuclear cells in the bone manow. The amount of CD34+ stem or progjnitor cells 
in the peripheral bkx>d is ^pisnximattdy 10- to 100-fold le.ss than in banc manow. 
Cytokines such as HtS-L may be used to increase or mobilize the numbers of dendritic cdls 
in vivo. Increasing the quantity of an individual's dendrite cells may facilHate antigen 
presentation to T cells for Bniigen(s) that already exists within the patient, such as a tumor 
antigen, orabacterial or viral antigen. Alternatively, cytokines may be administered prior 
to. concurrently vrith or subsequem to administration of an anUgen to on individual for 
immunization purposes. 

Peripheral blood cells are colkcted using aphenesis pmcedures known in the art 
Sec. for example. Bishop et al.. Blood, vol. 83. No. 2, pp. 610^616 (1994). Briefly, 
peripheral btood progenitor cells (PBPC) and peripheral blood stem cells (PBSC) are 
collected using conventional devices, for example, a Haemnnetics Model V50 apheresis 
device (Haemonetics. Brainuee. MA). Fburtour coUeatons are performed typically no 
more than five times weekly unta appioximately 6.5 X 108 mononudear cells (MNQflcg are 
collected. T*e cells arc suspended in sumdard media and then centrifuged to rernove red 
blood cells and neutrophils. Cells kicated at the interface between Ihc two phases (the buffy 
coat) are withdrawn and resuspended in HBSS. TTie suspended cells are predominantly 
mononuclear and a substantial portion of the cell mixture are eariy stem cells. 

A.varicty of cell sctection technk|ues are known for identifying and separating 
CD34+ hematopoietic stem or pro^itor cells from a population of cells. For example. 
35 monoctonal antibodies (or other spedflc cell binding proteins) can be used to bind to a 
maricerprotein or surface amigen protein found on stem or progenitor cells. Several such 
maricersorcell suiface antigens for hematopoietic stem cells (i.e.. nt-3,CD34. My-10, and 
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Tby-1) are known in the ait, as are specific binding proteins theicforc (see for example, 
U.S.S.N. 08/539, 142, filed October 4, 1995). 

In one method, antibodies or binding proteins are fixed to a surface, for example, 
glass beads or flask, magnetic beads, or a suitable chromotogr^hy icsin, and contacted 
5 with the population of cells. The stem cells arc then bound to the bead matrix. 
Alternatively, the binding proteins can be incubated widi the cell mixnire and the icsultihg 
combinalion contacted with a surface having an affinity for tte antibody-cdl complex. 
Undcsiicd cells and cell matter are removed providing a relatively pure populat j<m of stem 
cells. The specific cell binding proteins can also be labeled with a fluorescent label, e.g.. 

JO chromophorc or fluorophore, and dtc labeled cells separated by sorting. Preferably, 
isolation is accomplished by an immunoaffinity column. 

Immunoaffmiiy cohmuis can take any fonn, but usually comprise a packed bed 
reactor. The packed bed in these biorcactors is preferably niade of a porous material having 
a subsiamially unifomi coating of a subsuate. TTic porous material, which provides a high 

15 surface area-to-vohimc ratio, allows for ihc cell mixnire to flow over a targe contact area 
while not impeding the flow of cells out of the bed. The substrate should, either 1^ its own 
propoties. or by the addition of a chemical moiety, display high-affmity for a moiety found 
on the cell-binding protein. Typical substrates include avidin and streptavklin, while odier 
convendonal substrates can be used. 

20 In one u^ful method, monoclonal antibodies that recognize a cell surface antigen on 

the ceils to be separated are typically further modified to present a Inotin moiety. The 
affmity of biotm for avidin thereby removably seciues the monoclonal antibody to the 
sur&ce of a packed bed (see Berenson, et al^ /. Inummol. Meth,, 91:11. 1986). 11» 
packed bed is washed to remove unbound material, and target cells are released using 

25 conventional methods. ImmunoafEnity columns of the type described above that utilize 
biotinylated anti-CD34 monoclonal antibodies secured to an avidin-coated packed bed are 
described for example* in WO 93/08268. 

An altemativc means of setectisig the quiescent stem cells is to induce cell death m 
the dividing, more liittage-committed, cell types using an antimetabolite such as 5- 

30 fluomur^l (5-FU) or an alfylating agent such as 4-hydn>xycyclophosphamide (4-HC). 
The non-quiescent cells are stimulated to proliferate and differentiate by the addition of 
growth factors that have little or no effect on the stem cells, causing the non-stem cells to 
proliferate and differentiate and making them more vulnerable to the cytotoxic effects of 5- 
FU or 4-HC See Beraidl ct al.. Science, 267:104 (1995), which is incorporated herein by 

35 reference. 

Isolated stem cells can be frozen in a controlled rate freezer (e.g., Cryo-Med, Ml 
Clemens, Nfl), then stored in the vapor phase of liquid nitrogen using dimethylsulfoxide as 
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a ciyoprotectant. A variety of growth and culture media can be used for the growth and 
cullurc of deadritic cells (fresh or froxcnK including serunvdepleted or serum-based media. 
Useful growth media include RPML TC 199, Iscoves modified Dulbccco's mcdhmi 
(Iscovc, ct aL, FJ, Exp. Med., 147:923 (1978)), DMEM, Fischer's, alpha medium, 
5 NCTC F-10, Leiboviiz's L-15. MEM and McCoy's. 

Particular nutrients present in the media include serum albumin, transferrin, lipids, 
cholesterol, a reducing qgenl such as 2-meicaptoethanol or monothioglycerol, pyruvate, 
butyraic. and a glucocorticoid such as hydrocortisone 2-heniisuccinate. More particulariy, 
Ihe standard media inchides an energy source, vitamins or other cell-supporting organic 

10 compounds, a buffer such as HEPE5, or Tris, thai acts to smbilizc the pH of the media, 
and various inorganic sahs. A variety of S(»um-ricc cellular growth media is ckscribed in 
WO 95A)0632, which is incoiporaied herein by reference. 

The collected CX)34+ cells are cultured with suitable cytokines, for example, as 
described herein, and in USSN 08/539.14Z CD34+ cells then are allowed to differentiate 

15 and conmnit to cells of the dendritic lineage. These cells ate then further purified by flow 
cytometry or similar means, using maricers characteristic of toidriiic cells, such as CDl a, 
HLA DR, CD80 and/or CD86. The culnired dendritic cells arc exposed to an anUgen, for 
exanq>le, a tumor antigen or an antigen derived from a pathogenic or opportunLstic 
organism, allowed to process the antigen, and then culuned with an amount of a CEMO 

20 binding protein to activate the dendridc cell Alicmaiively, the dendriUc cells arc iransfectcd 
with a gene encoding an antigen, and then cultured with an amount of a CD40 binding 
protein to activate the antigen-presendng dendritic cells. 

The activated, anUgcn-canying dendritic cells are them administered to an individual 
in order to stimulate an antigen-specific immune response. The dendritic cells can be 

25 administered inior to, concunenrty with, or subsequent to. antigen adminisiratitm. 
Alternatively, T cells mz^ be collecied frrnn the Individual and exposed to the activated, 
aniigen-canying dendritic cells m viuro to stimulate antigen-specific T cells, which arc 
administered to the individual. 



30 Useful cytokines 

Various cytokines will be useful in the ex vivo culture of dendritic cells. Flt3-L 
refers to a genus of polypqpiides that are described in EP 0627487 A2 and in WO 
94y2839K both incorporated herdn by reference. A human flt3-L cDNA was deposited 
with the American Type Culture Collection. RockvUle. Maryland, USA ( ATCQ on August 

35 6, 1993 and assigned accession number ATCC 69382. IL-3 infers to a genus of 
inicrleukin-3 polypeptides as described in U.S. Patent No. 5,108,910, incorporated herein 
by rcfcnence. A DNA sequence encoding human IL-3 protein suitable for use in the 
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invention is publicly available ftom the Ansoican Type Culture Collection (ATCC) under 
accession number ATCC 67747. c-kit ligand is also refened to as Mast Ceil Growth Factor 
{MGFU Steel Factor or Stan Cell Factor (SCF). and is described in EP 423,980, which is 
incorporated herein by refermce* 
5 Other useful cytokines include lDtericukin-4 (IL-4; Mosley et al.. Cell 59:335 

(1989). Idzetda et aL, / Med, 171:861 (1990) and Galizzi ci al., ImL ImmunoL 
2:669 (1990), each of which is mcotporated herein by refcfencc) and granulocyte- 
niacrophage colony stimulating factor (GM-CSF; described in U.S. Patent Nos. 
5,108.910, and 5,229,496 each of which is incorporated herein by reference). 

10 Commercially availabfc GM-CSF (sargramostim, Leukme®) is obtainable from Immunex 
Corp., Seattle, WA). Morcover, GM-CSF/IL-3 fusion proteins (i.e., a C-tcnninal to N- 
temiinal fusion of GM-CSF and lL-3) will also be useful in ex vivo culture of dendritic 
cells. Such fusion protdns are known and are described in U.S. Patent Nos. 5,199,942, 
5,108,910 and 5,073,627. each of which is incoiporated herein by reference. A preferred 

15 fusion protdn is PIXY321 as described in US Patent No. 5. 199,942. 

In addition to tteir use in ex vivo culture of dendritic cells, cytokines will also be 
useful in the present invention by separate, sequential or simultaneous administration of a 
cytokine or cytokmes with activated, antigen-pulsed dendritic cells. Prcfcnned cytokines are 
those that modulate an immune response, particularly cytokines selected from the group 

20 consisting of Intertcukins I, 2, 3, 4, 5. 6, 7, 10. 12 and J5; granulocyte-macrophage 
colony stimulating factor, gramilocyUi colony stimulating factor, a fusion protein 
comprising Interleukin-3 and granulocyte-macrophage colony stimulating factor. Interferon- 
r. TNF; TGF^Q; flt-3 ligand; sduble CD40 Hgand; biologically active derivatives of these 
cytokines; and combinations thereof. Soluble CD83, described in USSN 08/601 .954, filed 

25 February 15. 1996), and soluble CD40L (described in USSN 08/477.733 and USSN 
08/484,624. both filed June 7, 1995) arc patticulariy preferred cytokines. 

Useful cytokines act by landing a receptor piesem on tie sutface of a dendritic oeD 
and transducing a signal. Moreover, additional binding protems can be prepared as 
described herein for CD40 binding proteins, that bind appropriate cytokine receptors and 

30 transduce a signal to a dendritic cell. Fcv example. WO 95/27062 describes agonistic 
antibodies to Flt-3, the receptor for Flt-3L, fifom which varioas Fll-3 binding proteins can 
be prepared. Additional useful cytokines mdude biologically active analogs of cytokines 
that ate useful for culturing dendritic cells. Useful cytokine analogs have an amino acid 
sequence that is substantially similar to the native cytokine, and aie biologically active 

35 equable of biitding to their specific receptor and transducing a triological signal Such 
analogs can be prepared and tested by methods that are known in the art and as described 
herein. 

7 



wo 98^1538 



PCT/US97/il956 



CDWCD40L 

CD40 is a member of the tumor necrosis factor (TNF)/nerve growth factor (NGF) 
receptor family, which is defined by the presence of cystdne-rich motifs in the extracellular 
5 region (Smith ci aJ., Science 248:1019, 1990; MaUcit and Barclay. Immunology Today 
12:220; 1991). This family includes the lymphocyte antigen CD27, CD30 (an antigen 
found on Hodgkin*s lyn^homa and Reed-Steraberg cells), two receptors for TNF, a 
murine protein referred to as 4-lBB, rat OX40 anUgcn, NGF receptor, and Fas antigen. 
Human CD40 antigen (CD40) Ls a peptide of 2T7 amino acids having a molecular weight of 

10 30,600 (SumienkovtcetaL,£AfBt> J. 8:1403,1989). 

Activated Cn>4+ T cells express high levels of a ligand for CD40 (CD40L). Human 
CD40L was cloned from peripheral blood T-cells as described in Spriggs et al., J. Exp, 
Med, 176:1543 (1992). The cloning of murine CEMOL is described in Annit^ ci al., 
Natun 357:80 (1992). CD40L is a type II membrane polypeptide having an extnicellular 

15 region ai its C-terrainus, a transmembrane region and an intmcetlular region at its N- 
termuius. CD40L biological activity is mediated by binding of the extracellular region of 
CX)40L with CD40, and includes B ccU proliferation and inducUon of antibody secretion 
(including IgE secretion). 

CD40L is believed to be important in feedback regulation of an immune response. 

20 For example, a CJMOf antigen presenting cdl will present antigen to a T cell, which will 
then becomB activated and express CD40L. The CD40L will. In mm, ftirther activate die 
antigen presenting cell, increasing its efficiency at antigen presentation, and upregulating 
expression of Oass I and Qass 11 ^4HC. CD80 and CD86 cosiimulatory molecules, as well 
as various cytokines (Caux et al., / fu^p. Med, 180: 1263, 1994), 

25 Useful forms of CD40L for Uie inventive metiiods as dLsclascd in USSN 

08/477,733 and USSN 08/484,624, botii filed June 7, 1995, and botfi of which arc 
incorporated by reference herein. Such usefid forms inducte soluble, oligomeric CD40 
ligand comprising a CD40-binding peptide and an oligomcr*fonning peptide. The CD40- 
btnding peptide is selected from the group consisting of: 

30 (a) a peptide confusing amino acids I through 261. 35 through 261, 34 through 

225, 1 13 timnigh 261, 113 Uuough 225, 120 through 261, or 120 tiirough 225 of SEQ ID 
NO:2; 

(b) fragments of a peptide according to (a) tiiat bind CD40; and 

(c) peptides encoded by DNA which hybridizes to a DNAUiai encodes a peptide of 
35 (a) or (b), under suingent conditions (hybridization m 6 X SSC at 63'C overnight; washing 

in 3 X SSC at 55'C), and which bind to CD40, 
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useful oUgonicr.fonning peptides are also disclosed in USSN 08/477,733 and USSN 
08/484,624, and exemplified in SEQ ID NOs: 3 and 4 herein. 

A coiresponding femily of ligands exists for molecules in the TNFR family, and 
several of these are also expressed on activated T cells or other cells of the immune system. 

5 TTus family hxcludes tunwr necrosis factor and lymphotoxin fTNF and LT, respectively; 
reviewed in Ware et al.. Cujt. Top. Microbiol Immunol 198:175, 1995), as well as 
CDZ7L (USSN 08/10<v507, filed August 13, 1993), CD30L (US Patent 5,480,981, 
issued Jamiary 2, 1996), 4.1BBL (USSN 08/236,918, filed May 6, 1994). OX40L (US 
patem 5,457,035, issued October 10. 1995) and F« L (USSN 08/571479, filed 

10 December 13, 1995). These Ugands arc also known to be involved in raodulaiion of an 
immune response, and are likely to be useful to activate antigen-pulsed dendritic cells or 
other antigen presenting cells that bear the corresponding receptor, 

^yi ^ l ^ rtnorTnnai Antibo dips and AddUion fll CP4Q BiPdins Proteins 
15 Useful CD40 binding proteins are those that arc capable of binding CD40 and 

inhibitmg binding of CD40 to CD40L, as deieimined by observing at least about 90% 
inhibition of the binding of sdublc CD40 to CIWOL, and include monoclonal antibodies, 
CD40 Ugand, and molecules derived therefrom. Monoclonal anUbodies directed against the 
CXMO surface antigen (CD40 mAb) have been shown to mediate various biological 
20 activiUes on human B cells (see for example, LEUKOCVTETYnNG IV; A J. McMichad ed. 
Oxford University Press. Oxford, p. 426). U.S.S.N. 08/130, 541, filed October 1, 1993, 
the relevant disclosure of which is incorporated by reference, discloses two monoclonal 
aniibodiea that specifically Wnd CD40, rcfencd to as hCD40m2 and hCXW0ra3. Unlike 
other CD40 mAb, hCI>40m2 (ATCC HBl 1459; deposited under twrns of the Budapest 
25 Treaty with the American Type Culmrc Cblleclion in Rockvillc, MD, USA, on OcK>ber 6, 
1993) and hCD40m3 bind CD40 and inWbit binding of CD40 to ccas thai consiitotivcly 
express CD40L, "mdicaling that hCD40m2 and hCD40m3 bhid CD40 m or near the ligand 
binding domain. 

Additional CD40 monoclonal anObodies may be generated using conventional 
30 techniques {see U.S. Patent Nos. RE 32,011, 4,902.614, 4,543,439, and 4,411,993 
which are incorporated herein by reference; see also Monocionai Antibodies, Hyhridomas: 
A New Dimension in Biological Analyses. Plenum Press, Kcnnett. McKeam, and Bechlol 
(eds.), 1980, and Antibodies: A Laboratory McaiuaU Harlow and Lane (eds.). Cold Spring 
Harbor Uboratory Press, 1988, which are also incorporated herein by reference). 
35 Monoclonal anUbodies that bind CD40 in or near the ligand binding domain will also be 
useful in the present invention. 
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Additional CD40 binding proteins may also be constructed utilizing recombinant 
DNA techniques. For example, the variable regions of a gene which encodes an antitody 
to CD40 that binds in or near the ligand binding donaain can be incorporated into a useful 
CD40 binding protein [see Lancick et al., Biotechnology 7:934, 1989; Rdchmann ct al.. 
Nature 332:323. 1988; Roberts et al., Namrv 328:731, 1987; Veriioeyen et al„ Science 
2J9: 1534. 1988; Chaudhary ct al.. Nature 339-394. 1989). 

Briefly. DNA encoding the anUgen-binding she (or CD40 binding domain; variable 
regioo) of a CD40 mAb is isolated, air^lificd, and linked to DNA encoding another protem, 
for exan^c a human IgG (see Verhoeyen et al., st^ra; see alsf> Rdcbmann et al., supra). 
Alternatively, the antigen-binding site (variable region) may be either linked to. or inserted 
into, another completely different protein (see Chaudhary et al., stq^rul resulting in a new 
protein with antigen-bindir^ sites of the antibody as well as the functional activity of the 
completely different protein. 

Similarly, the CD40 binding region (exinicdlular domain) of a CD40 ligand may be 
15 used to prepare otiier CTMO binding proteins. Useful forms of CD40 ligand are disclosed 
in U.S.S.N. 08/477,733 and U.S.S.N. 08/484,624. both of which were filed on June 7, 
1995. Additional forms of CD40 ligand can he prepared by methods known in the art. As 
for other useful CD40 binding proteins, CD40 ligand will bind CD40 in or near the ligand 
binding domain, and wiU be capable of toansdudng a signal to a cell expressing CD40 (i.e., 
20 biologically active). 

DNA sequences that encode proteins or peptides that form oHgomers wiU be 
particularly useful in preparation of CD40 binding proteins comprising an antigen bindmg 
domain of CD40 antibody, or an exuacellular domain of a CD40 ligand. Certain of such 
Qligomer-fonning proteins are disckised in U.S,S.N. 08/477,733 and U.S.S.N, 
08/484,624. botii of which were filed on June 7. 1995; additional, useful oligomer-fonning 
proteins are also disclosed in U.S.S.N. 08/446,922, filed May 18. 1995. Fc fusion 
proteins (including chose tiiai are formed with Fc muteias have decreased affmity for Fc 
receptors) can also be prepared. 

Mutant forms of CD40 binding proteins that are substamially similar (i.e., tiiosc 
having an amino acid sequence at least 80% identical to a native amino acid sequence, most 
preferably at least 90% identical) to die previously described CD40 binding proteir^ will 
ah» be useful in the present invention. The percent identity may be determined, for 
example, by comparing sequence infomiation using tiie GAP computer program, version 
6.0described by Devereux et al. (NucL Acids Res. 12:387, 1984) and available Vrom dn: 
35 University of Wisconsin Genetics Computer Group (UWGCX3). TTic GAP program 
utilizes the alignment method of Needleman and Wunsch(y. MoL BioL 48:443, 1970). as 
revised by Smith and Waterman [Adv. Appl. Math 2:482. 1981). The prefeiied defLilt 
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paran»tcrs for ihe GAP program include: (1) a unary comparison matrix (containing a 
value of I for identities and 0 for noo-tdentitie;:) for nucleotides, and the weighted 
comparison matrix of Gribskov and Burgess, SucL Acids Res, 14:6745. 1986, as 
described by Schwartz and Dayhoff. eds., AtUu of Protem Sequence and Structure, 
5 National Biomedical Research Foundation, pp. 353-358, 1979; (2) a penalty of 3.0 for 
each ga^ and an additional 0. 1 0 penalty for each symbol in each gap; and (3) no penalty for 
end gaps. 

Generally, substitutions of different amino acids fixim those in the native form of a 
useful CD40 binding protein should be nuide conservatively; i.e., the riiost preferred 

10 substitute amino adds arc those which do not affect the abUity of the inventive proteins to 
bind OMO in a manner substantially equivalent to that of native CDW Exan^les of 

conservative substitutions include substitution of amino ^ds outside of the binding 
domain(s), and substiuition of amino mds that do not alter the secondary and/or tertiay 
structure of CD40 binding protems. Additional examples include substituting one aliphatic 

15 residue for another, such as lie, VaU Leu, or Ala for one another, or substiuitions of one 
polar residue for anotiicr, such as between Lys and Arg; Glu and Asp; or Gto and Asn. 
Other such conservative substitutions, for example, substiuitions of entire regions havmg 
siirular hydrophobicity characteristics, are well known. 

Similariy. when a deletion or insertion ^tcgy Is adopted, the potential effect of die 

20 tteletion or insertion on biological activity should be con.siderBd. Subunils of CD40 binding 
proteins may be constructed by deleting terminal or internal residues or sequences. 
Additional guidance as to tiie types of mutations that con be made Is provided by a 
comparison of tiie sequrace of CD40 binding proteins to proidns that have similar 
stnictures 

25 Mutations must, of course, preserve the reading frame phase of the coding 

scqi^nces and preferably will not create complementaiy regions tfiat could hybridize to 
produce secondary mRNA suucnircs sudi as lo<^s or hairinns which would adversely 
an^BCiuanslationof tiieCI>40lrindingprotcmniRNA. Although a mutation site may be 
prBdetennincd,it is not necessary that the nature of the mutation per se be predetermined. 

30 For cxanqilc, in order to select for optimum characteristics of mutants at a given site, 
random mutagenesis may be conducted at die target codon and the expressed mutated 
proteins screened for the desired activity. 

Mutations can be introduced at jarticular loci by synthesimg oligonucleotides 
containing a mutant sequence, flanloed by restriction sites enablir\g ligation to fragments of 

35 the native sequence. Following ligation, the resulting reconstructed sequence encodes an 
analog having the desired amino add insertion* substiuition, or deletion. Alternatively, 
oligonucleotide-direcied siu>-specific mutagenesis procedures can be enq>loyed to provide 
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an altered gene having particular codons altered accoiding to the substitution, deletion, or 
insertion required. Exemplary methods of making the alterations set forth above arc 
disclosed by Walder et al. (Gene 42:133, 1986); Bauer cl al. (Gene 37:73, 1985); Craik 
(BioTechnigues, January 1985, 12-19); Smith et al. (Genetic Engineermg: Prbwiples and 
5 Methods, Plenum Press, 1981); and U.S. Patent Nos. 4,5I8»584 and 4.737,462 disclose 
suitable techniques, and are incoipoiated by ref^ence herein. 

As is well-known in the art, not all mutations will cause a change in amino add 
sequence. Mutations that confer advantageous fwopcities in the production of recombinant 
proteins will also be useful for pieparing uMtfiil CD40 binding proteins. Nattirally 

10 occuning variants are also encompassed by the invention. Examples of such variants arc 
proteins that result from alternate mRNA splicing events or from proteolytic cleavage of the 
protein, wherein the native biological property is retained. 

Once suitable antibodies or bmding proteins have been obtained, they may be 
isolated or purified by many techniques well known to those of ordinary skill in the art (see 

15 Antibodies: A Laboratory Manual, Hariow and Lane (eds.). Cold Spring Harbor 
Laboratory Press, 1988). Suitable techniques include peptide or protein affinity colunms, 
HPLC or RP-HPLC, purification on protein A or protein G columns, or any combination 
of these techniques. Recombinant CD40 binding proteins can be prepared acconling to 
standard methods, and tested for binding specificity to CD40 utilizing assays known in the 

20 ait, including for example EUSA, ABC. or dot blot assays, as well by bioactivily assays. 
The latter will also be useful in evaluating the biological activity of CD40 binding proteins. 

Prer^aration of antigens 

Immunization is a centuries old, and highly effective, means of inducing a 
25 protective immune response against pathogens in order to prevent or ameliorate disease. 

The vaccines that have been used for such induction arc generally live, attenuated 

microorganisms, or preparalions of killed organisms or fracdons thereof. Live, attenuated 

vaccines arc generally thought to more closely mimic the immune response that occurs with 

a namral infection than do those pzepaied finom killed microbes or non-infective 
30 pneparatioas toived from pathogeas (i.c., toxoids, recomWnani protein vaccines). 

However, attenuated vaccines also present a risk of reversion lo pathogenicity, and can 

cause illness, especially in immunocompromised individuals. 

Along with improved sanitation, immunization has been the most efficient means of 

preventing death or disability from numerous infectious diseases in humans and in other 
35 animals. Vacdnadon of susceptible populations has been responsible for eUmiirating smaU 

pox worid wide, and for drastic dcciBases in the occurrence of such diseases as diphtheria. 

pertussis, and paralydc polio in the developed nations. Numerous vacdncs arc licensed for 
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administmtiOT to humans, including live viros vacdnes for certain adenoviruses, nreasles, 
mumps and rubella viruses, and poliovirus, diphtheria and tetanus toxoid vaccines, and 
Haemnphdus b and meningococqii polysaccharide vaccines (Hinman ct al., in Frir^cjplfis 
p nH Pmrticfi of rnfi^imis Diseases. 3rd edidon; G.L. Mandcll, R.G. Douglas and J.E. 

5 Bennett, cds.. ChurchUl Uvingsione Inc., NY, NY; 2320-2333; Table 2). 

In addition to use in the area of mfectious disease, vaccination is also cmisidered a 
promising thcr^ for cancer. For such uses, mmor-associatcd antigens can be prepared 
&Dm tumor ceils, cither by preparing crude lysates of tumor cells, for example ds described 
in Cohen ei al.. Cancer Hes, 54:1055 (IW) and Cohen d al., Eur. 7. Immunol 24:315 

10 (1994), or by partially purifying the antigens (for example, as described by Iloh ct al., / 
Immunol. 153:1202; 1994). Moreover, useful himor antigens may be purified further, or 
even expressed recombinantly. to provide suitable antigen preparations. Any wter 
methods of identifying and isolating antigens against which on immune response would be 
beneficial in cancer will also find utility in the inventive methods. 

15 Purified dendritic cells are then pulsed with (exposed to) antigen, to allow tton to 

take up the antigen in a maimer suitable for presentation to other cells of the immune 
systems. Antigens arc classically processed and presented through two pathways. 
Pteptides derived frwn proteins in the cytosoliccompartnient arc presented in the context of 
Class I MHC molecules, whereas (»pudes derived from proteins that am found in the 

20 endocytic pathway are presented hi the context of Class II MHC. However, those of sldll 
in the art recognize that there are exceptions; for example, the response of CD8+ tumor 
specific T cells, which recognize exogenous tumor antigens expressed on MHC Qass 1. A 
review of MHC-dependcnt antigen processing and peptide presentatioo is found m 
Germain, ILN.. Cell 76:287 (1994). 

25 Numerxnis methods of pulsing dendritic cells with antigen are known: those of skill 

in the art regard development of suitable methods for a selected antigen as routine 
experimentation. In general, the antigen is added to cultured dendritic cells under 
conditions promoting viability of the cells, and the cells arc then aUowed sufficient time to 
take up and process the antigen, and express andgen peptides on the cell surface in 

30 association with dther Oass I or Class II MHC, a period of about 24 hours (from about 18 
to about 30 hours, preferably 24 hours). Dendritic cells may also be exposed to antigen by 
transfecting them wiUi DNA encoding the antigen. The DN A is expressed, and the antigen 
is presumably prDces.sed via the cytosoIic/Oass I pathway. 

35 Adminiaratio n of activated. antipen-TOilsKidendritiC-CCilH 

The present invemion pravides methods of using therapeutic compositions 
comprising activated, antigen-pulsed dendritic cells. The use of such cells in conjuncticm 
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with soluble cytokine leceptors or cytokines, or other immunoregulatory molecules is also 
ccHitempIated. The inventive composiUons are adminisicred to stimulate an immune 
response, and can be given by bolus injccUon. continuous infusion, sustained release from 
in«>lanLs, or other suitable technique. TVpically. the cells on tfie inventive methods will be 
administered in the form of a composition comprising the antigen^ulsed, acuvated 
dendritic cells in conjunction with physiologically accepiabk caitieis. excipients or 
diluents. Sucb catriers wUl be nontoxic to recipiems at the dosages and concentrations 
employed Neutral buffered saline or saline mixed with conspecific scnim albumin are 
exemplary a^iropriate dihients. 

For use in stimulating a certain type of immune response, administittion of odier 
cytokines along with activated, antigen-pulsed dendritic cells is also contemplated. Several 
useful cytokines (or peptide regulatoiy factors) are discussed in Schradcr. J.W. {Mol 
Immmol 28:295; 1991). Such factois include (alone or in comHmition) Intcrleukias 1. 2. 
4. 5. 6. 7. 10. 12 and 15; granulocyte-macropbage colony stimulating factor, gianulo^c' 
colony stimulating factor, a fusion protein compiising lntcrteukin-3 and gnmulocyte- 
imcrophage colony stimulating fector. IntctfiEron-Y; TNF. TGF-B, flt-3 ligand and 
Wotogically active derivatives thereof. A patticulariy preferred cytokine is CD40 ligand 
(CD40L). A iwluble form of CDWL is described in USSN 08/484,624, filed June 7. 
1995. Olhcr cytokines will also be useful, as described herein. DNA encoding such 
cytokines wiU also be uscfiil in tiic inventive methods, for example, by tmnsfecting ti» 
dendritic cells to express the cytokim«. Administration of these imramiomodulatoiy 
molecules includes simultaneous, separate or sequential administration with die ccUs of the 
present invention. 

The relevant disctosures of all publications cited herein are specifically incotpoiated 
by reference. The following examples are provided to illustrate particular embodiments and 
not to limit the scope of the invention. 

EXAMPT-R 1 

TWs Example describes a metiiod for generating purified dendritic celts ex vivo. 
Human bone marrow is obtained, and cells having a CD34+ phenotype are isohited using a 
CD34 antibody column (CellPro. Botitell, WA). He CD34+ ceUs are cultured in a suitable 
medium, for example. McCoy's enhanced media, that contains cytokines that promote titt 

growtf, of dendritic cells(i.e..20ngtol each of GM-CSF.IL-».TNF^ or lOOngAnl flt3- 
Lorc-fcit ligand. or cmnbinaUonsthereoO. The culture is continued for approximately two 
weeks at 37 -C in 10% C02 in humM air. cais then are sorted by flow cytometry using 
antibodies for CDla+ HLA-DR+ and CD86+. A combimition of OM-CSF. VL.^ and 
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TNF-a can yield a six to seven-fold inacasc in the number of celk obtained after two 
weeks of culture, of which 50^ of ceUs arc CDla* HLA-DR* CD86\ -n* addition of 
nt3-L and/or c-kU ligand further enhances the expansion of total cells, and therefore of the 
dendritic cells. Phcootypic analysis of cells isolated and cultured under these conditions 
5 indicates that between 60-70% of the cells are HLA-DR+ CD86+ with 40-50* of the 
cells Kipiessing CDla in all factor combinations examined. 

KXAMPLE 2 

Tlus Example describes a mdhod for collecting and expanitog dendritic cefc^ Prira- 

to cell collection. flt3-L or sargramostim (Uukine®. Immunex Coiporation. ScatUe. WA) 

10 nay be adnnnistered to an individual to mobilize or htcrease the numbers of cinwlal^ 
PBPC and PBSC Other growth Saciois such as CSF-l, GM-CSF. c-Wt ligand. G-CSF, 
EPO. IL-1. lL-2. IL-3. 1^4. IL-5. lL-6. IL-7. 11^. 11^9. lL-10. IH 1. tt^l2. lL-13. 11^ 
14. in5. GM-CSF/IL-3 fusion proteins, LIF. FGF and comMnations thereof, can be 
likewise adminisicred in sequence, or in concunent combination with fli3-L. 

15 Mobilized or non-moWlized PBPC and PBSC are collected using aphciesis 

procedures known in the aiL See. for example. Bishop et al., BUxhI. vol. 83, No, 2, pp. 
610^16 (1994). BrieHy, PBPC and PBSC are collected using conventional devices, for 
example, a Haemonetics Model V50 apheresis device (Haenumelics. Braintree, MA). 
Four-hour collections are performed typkaOy no more than five timea weekly until 

20 appioximaicly6.5xl08mononuclearcells(MNC)fltgindividuBlarecollected. 

Aliquots of cdtodcd PBPC and PBSC are assayed for granulocyte-macrophage 
colony-forming umt (CFU-GM) content BricOy, MNC (approximately 300,000) are 
isolated, cultured at 37 'C in 5% CO2 in fully humidified air fat about two weeks in 
modified McCoy's 5A medium, 03% agar, 200 U/ml recombinam human GM-CSF, 200 

25 uAnl recombinant human 11^3, and 200 u/ml recombinam human G-CSF Other cytokines, 
including fh3-L or GM-CSF/U^3 fusion molecules (PIXY 321). may be added to the 
cultures. These cultures are stained with Wrighf s stain, and CFU-<JM colonies are scored 
usingadissecunginicn«cope(Waideial.. Exp. HenuuoL, 16^58(1988). Alternatively. 
CFU-GM colonics can be assayed using the CD34/CD33 flow cylomciiy method of JJiena 

30 cl al.. Blood. Vol. 77. No. 2. pp 400-409 (1991). or any other method known in the art. 

CFU-GM conuiining cultures are fri»en in a controlled rate freezer (eg.. Cryo- 
Med, ML Qemens. MI), dwn stored m the v^r phase of liquid nitrogen. Ten percent 
dimethylsulfoxide can be used as a ciyopiotectant. After all collections from the individual 
have been made, CFU-GM contahung cultures are thawed and pooled, then contacted with 
35 flt>L either alone. sequendaUy or in concuirent combination with other cytokhuw listed 
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above to drive the CFU-GM to dendritic ceU lineage. The dendritic cells are cultured and 
analyzed for percentage of cells displaying selected mariccis as described above. 

EXAMPLE a 

This example Ulustnites the ability of CIMOL^muUued dendritic cells to present 
allo^tigen and therefore cause prolifeiatian of T cells. cells were obtained from 

the bone marrow of a human donor, cultured for two weeks in the presence of selected 
cyiokines. and isolated by flow cyiometiy substantially as described in Example 1 Prior to 
their use in a mixed lymphocyte reaction (MLR), the dendritic cells were cultured for an 
addiUonal 24 hours in the presence or absence of a soluble uimcric form of CD40L 
(iM/ml) in McCoy's enhanced media containing cytokines thai support the growth of 
dendritic cells. 

TceJls were purified from the blood of a non-HLA matched donor by rosctting with 
Z^noetbylisothiouronium bromide hydrohromlde-ireated sheep red blood cells. CD4+ 
and CD8+ populations were further purified using immunomagnclic selection using a 
MACS (Milenyi Biotcc, Sunnyvale. CA) according to the manufacturer's protocol Cell 
prolifemion assays were conducted with the purified T cells in RPMl (10% heat-inaciivaled 
fetal hovinewum (FBS)). in the presence of titrated numbers of the dendrite cells, at 3rc 
m a 10% C02 atmosphere. Approximately 1 x lOS T cells per well were cultured in 
tripliciriB in romul-bottomed 96-well microtiter plates (Coming) for seven days, in (he 
of v«ying number of the umnatched dendritic cells. n« cells were pulsed with 
I HQAvell of tritiated thymidine (25 Ci/mnole, Ameisham. Ariington Heights, IL) for the 
final eight hours of culhne. 

Cells were hanrested onto glass fiber discs with an automated ceU harvester and 
mcwponited cpm were measured by liquid scinUllation spectrometry. The results, which 
are shown m Figure I. demonstiated that threefold fewer CDWL-actlvated dendritic cells 
were requhed to stimulate the equivalent proliferation of T celte compared to dendriUc cells 
that had not been exposed to CD40L prior to their use in an MLR. increase was most 
likely due to increased expression of cell surface molecules that stimulate alh«eactive T 
cells. 

EXAMPLF. d 

niis example illustiales the ability of dendritic cells to sdmulate antigen-specific 
profiferation ofT cells. CD34+ cells were obtained from the bone marrow of a human 
donor believed to be reactive itgainst tetanus toxoid, culhired for two weeks In the presence 
of selected cytokines, and isolated by flow cytomctiy substantiaUy as described in Example 
1 . Phor to their use to a retanus toxoid (TTX) antigen presentation assay, the dendrite cells 
were cultured for an additional 24 hours in the presence or absence of a soluble trimeric 
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form of CD40L diig/ml) in McCoy's enhanced media containing cytokines that support the 
growth of dendritic cells, then pulsed with purified TTX (Connaughl Lobonuoiy Inc.. 
Swiftwater. PA), at STC in a 10% CO2 atmosphere for 24 hrs. 

Autologous tetanus toxoid-ieaciiveT cells were derived by cultnring the CD34- cells 
that were ehitcd from the CD34 anttbody cotomn in the presence of purified TTX and low 
concentrations of E.-2 and lL-7 (2 ng^ml and 5 iigftnUiespecUvely) for two w«^^ The 

CD34- population contains a percentage of T cells (about 3%). a proportion of which are 
reactive against tetanus toxoid. aswellasotherceUtypesthatadas antigen presenting 
cells. By week 2. analysis of these cells indicated that they were about 90% T cells, the 
majority of which were tetanus toxoid-specific. with low levels of the T ceU activation 

markers. , 

Antigen specific T cdl proliferation assays were conducted with TTX-q»eciric l 
cells from CD34- bone marrow cells as above, in RPI^l with added 10% heat-inactivated 
fetal bovine senm> (FBS). in the piesence of the tetanus toxold-pulsed dendritic cells, at 
37-C in a 10% CO2 amiosphere. Approxhnausly 1 x 10? T celLs per wcU were cultured m 
triplicate in rwind-bottomed 96-well nuctodter plates (Coming) for five days, in the 
presence of a limited mraiber of dendritic cells. The ce^s were pulsed with I nOAvell of 
tritiated ttiymidhie (25 CiAunole, Anwsham. Ariington Heights. IL) for the final four to 
eight hours of culture. Cells were harvested onto glass fiber discs with an automated ceU 
harvester and incorporated cpm were measured by liquid scintillation spectrometry. Tte 
results, which are shown in Figure 2. indicated that dendritic cells dial are culuaed wiUt 
CD40L an about tea-fold less efficient at presenting antigen to TTX-spedfic T cells than 
dendritic cells that were not exposed to CD40L. 

CTAMPLE 5 

This example illustrates Uie ability of CD40L to activate antigen-puLsed dendritic 
cells for stimulation of antigen^specific T cells. CD34+ cells were obtained and utaoed as 
described in Example 4. except tiianhc ceUs were pulsed wiUi uaamis toxoid for 24 hours 
prior to culum: wiUi CD40L Autologous tetanus loxoid-reactivc T cells were derived, and 
antigen specific T ceU proliferation assays conducted, as described in Example 4. The 
results, which are shown in Figure 3. indicated that threefold fewer dendritic cells that arc 
first pulsed witii antigen, tiien cultured with CD40U were required to stimulate flie 
equivalem level of proliferation when preseming TTX to TTX-spccific T cells Uian dendritic 
cells thai were pulsed wiUi antigen but not exposed to CD40L. 
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(iii) HYPOTHETICAL! NO 
(iv) ANTI-SENSE: NO 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Homo sapiens 

(vii) IMMEDIATE SOURCE: 

(B) CLOWE: CD40-L 

(ix) FEATURE: 

(A) NAME/KEY: CDS 
(D) LOCATION: 46-. 831 
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15 ATQ AAA ATT TTT ATO TAT TTA CTT ACT TTT CTT ATC 

^ ^ ^ lie Phe Met Tyr Leu Leu Tbr Val Phe Leu He Thr Gin 
20 25 
ATO ATT GOO TCA GCA CTT TTT (Krr GTG TAT CTT CAT AGA AGO TTG GAG 
30 M^lII^^^I-uPheAlaValTyrLeuHlsAr^ArgLeuAsp 

40 *^ 

AAfS ATA GAA GAT GAA AGG AAT CTT CAT QAA GAT TTT GTA TTC ATG AAA 
ne ^ ^ Arg Aan Leu Hia Glu Asp Phe Val Phe Met Lys 
35 55 60 

ACG ATA CAG AGA to: AAC ACA GGA GAA AGA TCC TTA TCC cm A^^ 

^ ne Cy. Asn Thr Gly Glu Aro Ser Leu Ser Leu Leu Asn 

70 80 
^ Trip TAQ QAQ ATT AAA AGC CAQ TTT GAA GGC TTT OTG AAG GAT ATA ATG 
^ ^ iH ^ ^ Oln Phe Glu Gly Phe Val Lys A«p lie Met 
85 90 
A< n-r* aar AAA CM GAG ACG AAG AAA GAA AAC AGC TTT GAA ATG CAA AAA 
^ ^ 5S Lya Ly. Glu Asn Ser Phe Olu Met GXn Lys 
100 105 l*" 

BBT GAT CM AAT CCT CAA ATT CCG GCA CAT GTC ATA AST GTC 
50 ^ ^ Pro Gin lie Ala Ala His Val He Ser Glu Ala Ser 

120 "5 
ACT AAA ACA ACA TCT GTG TTA CAG TOG GCT GAA AAA OGA TAC TAC 

?S ^ val Leu Gin Trp Ala Glu Lya Gly Tyr Tyr Thr 
135 
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60 



ATG AGC AAC AAC TTO GTA ACC CTG GAA AAT GGG AAA CAG CTG 

^ A^ Asn Leu val Thr Leu Glu Asn Gly Lys Cln Thr Val 
150 155 160 



54 



15 (xi> SEQUENCE DESCRIPTION: SEQ 10 NO;l: 

TGCCACCTTC TCXOCCAGAA GATACCATTT CAACTTTAAC ^CAGC ATG ATC GAA 

1 

ACA TAG AAC CAA ACT TCT CCC CGA TCP GCG GCC ACT GGA CTG OX ATC 102 
!^ Sn Thr ser Pro Arg Ser Ala Ala Thr Gly Leu Pro He 



150 



19B 



246 



294 



390 



438 



486 



534 
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20 



35 



40 



AAA AGA CAA GGA CTC TAT TAT ATC TAT GCC CAA GTC ACC TTC TCT TCC 
hya Arg Gin Gly Leu Tyr Tyr lie Tyr Ala Gin Val Thr Phe Cys Ser 
165 170 175 

AAT COG GAA GCT TCG ACT CAA GCT CCA TTT ATA GCC AGC CTC TGC CTA 
Asn Arg Glu Ala Ser Ser Gin Ala Pro Phe He Ala Ser Leu Cys 

190 195 



Lys Ser Pro Gly Arg Phe Glu Arg Ue Leu Leu Arg Ala Xla Asn Thr 
200 205 

W ACT TCX: GTC AAA TGC GGG CAA CAA TCC ATT CAC ™ 

Hxe ser Ser Ala Lys Pro Cys Gly Gin Gin Ser lie His Leu G^ ^ 
215 220 225 

GTA TTT GAA TTG CAA CCA GGT OCT TCG GTC TTT GTC AAT arc ATT 
Val Phe Glu Leu Gin Pro Gly Ala Ser Val Phe Val ^ 

235 



^ ^ *^ ^^'^ °GC ACT TTC ACG TCC TTT CGC TTA CTC 

Pro 5«r am val Ser His Cly Thr Gly Phe Thr Ser Hhe "J ^ 

250 255 



30 (2) INFORMATION FOR SEQ ID K0:2: 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 261 amino acids 

(B) TYPE: amino acid 
(D> TOPOLOGY: linear 

(iil KOLECDLB TYPE: protein 

(xi) SEQUENCE DESECRIPTlON: SBQ ID NO: 12: 



Met He Glu Thr Tyr Aan Cln Thr Ser Pro Arg Ser Ala Ala Thr Gly 



15 



Leu Pro He Ser Met Lye lie Phe Met Tyr Leu Leu Thr Val Phe Leu 

25 30 

lie Thr Gin Met lie Gly Scr Ala Leu Phe Ala Val lyr Leu Hie Arg 

40 ^5 

50 Arg I|u ASP Lys He Glu Asp Glu Ar, Asn l« „i. ^.p Phe Val 

Ph. Het Lys Tbr He Gin Arg Cys Aon Thr Gly Glu Arg Ser Leu scr 
55 '5 go 

teu Leu Aen cys Glu Glu He Lys Ser Gin Phe Glu Gly Phe Val Lys 

oi> an 



85 90 95 



60 



ASP He «et Leu Asn Lys Glu Glu Thr Lys Lys Giu Asn Ser Phe Glu 

105 120 



582 



630 



in ?^ ^ ^ ™ SAG AGA ATC TOA CTC AGA GCT GCA AAT ACC fi7B 

10 Lys Ser Pro Glv Ara Phe ciu a™ t^.. t^.. rr* ™ 



726 



774 



822 



25 AAA CTC TGAACAGTCT CA 

Lys Leu 840 
260 
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„et Gin uys Oly Asp Gin Asn Pro Gin He Ma Ala His Val He Ser 
115 

5 olu Ala Ser Ser Lys Thr Thr Ser V.l Leu Gin Trp Ala Glu Vyo Gly 
130 135 
Tyr Tyr Thx «tet ser Asn Aen Leu Val Thr Leu Glu Asn Gly Lys GXn 



145 



150 



'° Leu rhr val Arg Gin Gly tou Tyr Tyr lie Tyr Ala Oln Val Thr 

Phe cy« ser Asn Arg Glu Ala Ser Ser Gin Ala Pro Phe lie Ala Ser 
15 180 

L.U cys Leu Lys Ser Pro Gly Arg Phe Glu Arg Ilo Leu Leu Arg Ala 
195 S"" 
20 Ala Asn Thr His Ser Ser Ala Lys Pro Cys Gly Gin Gin Ser He His 
210 21-5 
l^u Gly Gly val Phe Glu Leu Gin Pro Gly Ala Ser Val Phe Val Asn 
235 230 2ja 

^ val HUT ASP Pro ser Gin Val Ser His Gly Thr Gly Phe Thr Ser Phe 

Gly Leu Leu Lys Leu 
30 260 

(2) INFOFMATION FOR SEQ ID MO: 3: 

35 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 740 base paira 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY; linear 

40 

(ii) MOLECULE TYPE: cDNA 
(iii) HYPOTHETICAL: NO 
45 (iv) ANTI -SENSE: NO 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: HOMAN 

50 (Vii) IMMEDIATE SOURCE: 

(B) CLONE: IgGl Fc 
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<xi) SEQUENCE DESCRIPTIOTI: SEQ ID NO: 3: 

CGGTACCGCT AGCGTC6ACA GGCCTAGGAT ATCGATACGT ACAGCCCAGA TCTTCTQACA 60 

AAACTCACAC ATCCCCACCG TOCCCAGCAC CKy^ACTCCT GGQGGGACCG TCAGTCTTCC 120 

60 TCTTCCCCCC AAAACCCAAG GACACCCTCA TGATCTCCCG GACCCCTGAG GTCACATGCG IBO 
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TGGTGGTGGA CC5TGAGCCAC GAAGACCCTG AGGTCAAGTT CAACTGGTAC C3TGGACGGCG 240 

lt5GAGGTGCA TAATGCCAAG ACM^ 3^^^^ 

TQQTCAGCGT CCTCACCGTC CTGCACCAGG ACTGGCTGAA TOGCAAGGAC TACAAGTGCA 360 
AGGTCTCCAA CAAACCCCTC CCAGCCrcCA TC^ 

AGCCCCGAQA ACCACAGGTG TACACCCTGC CCCCATCCCG GGA-mAGCTO ACCAAGAACC 480 

AGGTCAGCCT GACCTGCCTG GTCAAAGGCT TCTATCCCAG GCACATCGCC GTGGAGTCGG 540 

AGAGCAATGG GCAGCCGGAG AACAACTACA AGACCACGCC TCCCGTCCTG GACTCCGACG 600 
GCTCCTWPT CCTCTACAGC AAGCTCAC^ 

TCTTCTCATG CTCCGTGATG CATQAGGCTC TGCACAACCA CTACACGCAG AAGAGCCICT 720 
CCCTGTCTCC GGGTAAATGA 



740 



(21 INFORMATIiaN FOR SEQ ID NO:4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 33 amino acids 

(B) TYPE: amino acid 
(») TOPOLOCy: linear 

<ii) MOLECOLE TYPE: peptide 

<xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 

Arg Met Lys Gin He Glu Asp Lys He Glu Glu lie Leu Ser Lys He 



Tyr His He Glu Asn Glu lie Ala fcrg He Lys Lys Leu He Gly clu 

20 25 



10 15 

t 

30 



Arg 
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CLAIMS 

What is claimed is: 

1 . A populaiion of activated dendritic cells thai express an antigen, produced by the 

processor 

(a) obtaining dendiitic cells; 

(b) causing the dendritic cells to express the antigen by either fi) exposing ihc 
dendritic cells to the anUgen in culture under comKtions promodng uptake and processing of 
the antigen, or (ii) transfocting the dendritic cells with a gene oicoding tte anUgen; and 

(c) activatii^ the antigen^prassing dendritic cells by exposing ihem to a CD40 
binding protein capable of binding CD40 and inhibiting binding of CD40 to CD40U as 
determined by observing at least about 90% inhibiUon of the bindhig of soluble CD40 to 
CD40L. 

2. The pc^lation according to churn I wherein dendriUc cells ore obtained by 
contacting hematopoietic stem or progenitor cells witij a molecule selected from the group 
consfeting of GM-CSF. flt-3U lL-4, TNF-o, ILO, c-kil Ugand, fusions of GM^F and 
IL-3, and combirmtions thereof. 

3. The population according to claim K wherein the CD40 binding protein is a soluble. 
oUgomcric CD40 ligand selected from the group consisting of: 

(a) a peptide comprising amino acids I through 26K 35 through 261. 34 through 
225, 1 13 thiwgb 261, 1 13 through 225, 120 through 261 . or 120 through 225 of SEQ ID 

(b) fragmCTis of a peptide according to (a) that bind CD40; and 

(c) peptides encoded by DNA which hybridizes to a DNA that encodes a peptide of 
(a) or (b), under stringent conditions (hybridization in 6 X SSC at 63*0 overnight: washing 
in 3 X SSC at 55*C), and which bind to CD40, 

and an oligomcr-forming peptide. 

4. The population according to daim 3, wherein tiie soluble, oligomeric CD40 ligand 
is selected from the group consisting oft 

(a) a polypeptide havitig an amino acid sequence as set fortii in SEQ ID NO:2 
whercm a cysteine at amino add 194 Is replaced with another amino acid; and 

(b) a polypeptide tiiat Is a fragment of die mutein (a) dial binds CD40; 

wtercin tite amnio acid that is substinited for die cysteine at amino add 194 is selected from 
the group consisting of tryptophan, serine, aspartic acid, and lysine. 
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5. A method of stimulating an immune response qjedfic for an antigen in an 
individual, comprising tlie steps of: 

(a) obtaining dendritic cells from tlie individual; 

(b) causing the dendritic cells to express the anUgen by either (i) exposing the 
dendritic cells to the antigen in culture under conditions promoting uptake and processing of 
the antigen, or (ii) UimsfecUng the dendritic cells wiib a gene encoding fte anUgen; 

(c) activating the antigen-expressing dendritic cells by exposing them t^ a CD40 
binding protein capdihs of binding CD40 and inhibiting binding of CD40 to CD40U as 
deteimined by observing at least about 90% inhibition of the binding of soluble CD40 lo 
CD4QL4and. 

(d) administering the activated, ami^n-expressing dendritic cells to the mdividual. 

6. The method according to daim 5. wherein the dendritic cells an: obtained by 
obaining betmoopoietic stem or progenitor ceUs from the individual, and contacting the 
hematopoietic stem or progenitor cells with a molecule selected from the group consisting 
of flt-3 ligand. GM-CSF. IL-4. TOF-o. 11.3. c-kit ligand. fusioas of GM-CSF and IL-3. 
and combinations tbenof. 



7. n« n«shad according to claim 6. wherein ihc CD40 binding protein is a soluble, 
oligomenc CD40 ligand selected from the group consisting of: 

(a) a peptide comprising amino acids I through 261. 35 through 261. 34 through 
225. 1 13 through 261. 1 13 thnmgh 225. 120 through 261. or 120 through 225 of SEO E) 
N0:2: 

(b) fragments of a peptide according lo (a) that bind CD40; and 

(c) peptides encoded by DNA which hybridizes to a DNA that encodes a peptide of 
(a) or (b). under stringent conditions (hybridization in 6 X SSC at 63*C ovemiriit; washins 
in 3 X SSC at 55"C). and which bind to CI>40. 

and an oligomer-fbrming peptide. 

8. The population accnding to claim 7. wherein the soluble, oligomcric CD40 ligand 
is selected from the group consisting of: 

(a) a polypeptide having an amino add sequence as set forth in SEQ ID NO:2 

wheieinacysteincataminoacid l!)4ixrcplacedwithanotheraminoacid:and 

(b) a pdypepUtte that is a fmgmenl of the polypeptide (a) thai binds CD40: 
wherein the amino add that is substituted for die cysidne at amino acid 194 is sele^ from 
the group nmsisting of iiyptophan. srarinc. aspartic acid, and lysine. 
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9. The method according lo claim 5, wherein fll-3 ligand is adimnisteied to the 
individual prior to obtaining the dendritic cells, lo expand the number of progenitor cells in 
the circulation or the individual. 

10. The method according to claim 9, vtocin the dendritic ceDs are obtained by 
obtaining hematopoietic stem or progenitor cells from the individual, and contacting the 
hemati^K^ stem or progenitor celb with a molecule scl^ 

of flt-3 Ugand. GM^SF. IL^. TNF^ IL-3, c-kU ligand, fusions of GM-CSF and IL-3, 
and combinations thereof. 

11. The method accoiding to claim 5. wherein tte aniigen^xptessing, activated 
dendritic cells aic adrainistcrcd simulumeously. sequentially or separately with a molecule 
selected from the group consisting of Inierleukias I. 2, 3, 4, 5, 6, 7, 10, 12 and 15; 
gnmulocyte-macrophagp colony stimulating factor, granulocyte colony stimulating factor, a 
fusion protein comprising !nterlaikin-3 and gramilocyte-macrophagp colony stimulating 
facion interferon^. TNF; TGF-B; fll-3 ligand; soluble CD40 ligand; sohible CD83; 
biologically active derivarivcs of chose cytokines; and combinations thereof. 

12. Tte method accoiding to claim 9, wherein the CD40 binding protein is a soluble, 
oligomcric CIMO ligand selecced from the group consistmg of: 

(a) a peptide con^msing amino acids I through 261, 35 through 261, 34 through 
225, 1 13 through 261, 1 13 through 225, 120 through 261. or 120 through 225 of SEQ ID 
N03; 

(b) fragments of a pcfrtide according to (a) that bind CD40; 

(c) peptides encaled by DNA which byWdKCS to a D^lA that emx)des 

(a) or (b), under stringent conditions Oiybridization in 6 X SSC at 63'C overnight: washing 
in 3 X SSC at 55"C), and which bind to CD40; 

(d) a pdypepiide according lo (a) wherein acysieinc at amino acid 194 is replaced 
with anoAer amino !»id selected from the group consi^ng of tryptophan, 
serine, aspartic acid, and lysine; and 

(e) a fragment of the polypeptide of (d) wWch binds CD40; 
and an oligomer-forming peptide. 

13. The method according to claim 10, wbcnan the CD40 binding protein is a soluble, 
oligomeric CD40 ligand selected from the group consisting of: 
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(a) a peptide conaprising amino acids 1 through 261, 35 through 261, 34 through 
225, 1 13 through 261. 1 13 through 225, 120 through 261. or 120 through 225 of SEQ ID 
N0:2; 

(b) fragments of a pepUde according to (a) that bind CD40; 

(c) peptides encoded by DNA which hybridizes to a DN A that encodes a peptide of 
(a) or (b), under stringent conditions (hybridization in 6 X SSC at 63-C overnight; washing 
in 3 X SSC at 55^Q, and which bind to CD40; 

(d) a polypeptide according to (a) wherein acysteinc at amino add 194 is replaced 
with another amino acid sehscied from the group consisting of tryptophan, 
senne, aspartic acid, and lysine; and 

(e) a fragment of the polypeptide of (d) which binds CD40; 
and an oligomep'fonning peptide. 

14. TTKmcthodaccording to claim II. wherein the CD40 binding protein Is a soluble, 
oligomcric CD40 ligand selected fnnij the group consisting oft 

(a) a peptide comprising amino acids I through 261. 35 through 261. 34 dirough 
225. 1 13 through 261. 1 13 through 225. 120 through 261. or 120 through 225 of SEO ID 
NO-.2: ^ 

(b) fragments ofa peptide accordine to (a) that bind CD4Q: 

(c) l»ptides encoded by DNA which hyhridiaa to a DNA that encodes a pqitide of 
(a) or (b). under stringent conditions (hybridization in 6 X SSC at 63*C ovcmi^ washing 
in 3 X SSC at 55'Ci. and which bind to CD40: 

(d) a polypeptide according to (a) wherein acysteinc at amino acid 194 is replaced 
with another amino acid selected from the group consisting of tiyptophan. 
serine, aspartic acid, and lysine; and 

(e) a fragmem of the polypqMide of (d) viuch binds CD40; 
and an oligomer-forming pepddt. 

IS. A method of preparing antigen-STiecificT cells fh)m an individual conmrisH^ 
stqpsof: 

(a) obtaining dendritic cells from the individual; 

(b) causing die dendritic cells to expn^s the antigen by cither (i) exposing the 
dendnuc cells to the antigen in culture under conditions promoting uptake and processing of 
the antigen, or fii) transfecting the dendritic cells with a gene encoding the antigen: 

(0 activating the antigen-expiessing deulritic cells by exposing them t^ a CD40 
binding protein capable of binding CD40 and inhibiting binding of CD40 to CD40U as 
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detennined by observing at least about 90% inhibiiion of the binding of soluble CD40 to 
CEMOL; and. 

(d) allowing the dcndrilic cells to present the antigen to T cells. 

16. The method according lo claim 15, wherein the antig^-specific T cells arc obtained 
from the individual exposed to the antigpn^pieseming dendritic cells ex vivo, and re- 
administered to the individual. 

17. The method oOTding to claim 15, wherein the CD40 binding protein is a soluble, 
oligomcric CD40 ligand selected from the group consisting of: 

(a) apcpiidccomprisingarainoacids 1 through 261. 35 thnwgh26l.34throug^ 

225, 1 13 through 26M 13 through 225. 120 through 261. or 120 through 225 of SEQ ID 
Na2; 

(b) fragments of a peptide according to (a) thai WndCD40; 

(c) pq^des encoded by DNA which hybridizes to a DNA that encodes a peptide of 
(a) or Cb), under stringent conditions (bybridizaUon in 6 X SSC at 63"C ovemighu washing 
in 3 X SSC at 55*C), and which bind to CD40; 

(d) a polypeptide accoiding to (a) wherein acysidme at amino acid 194 is replaced 
with another amino acid selected fjfom the group consisting of tryptophan, 
i^rine. aspartic acid, and lysine; and 

(e) a fragment of the polypcpddc of (d) which binds CD40; 
and an oligomer-fonning peptide. 

18. The method oxording to daim 16, wherein the CD40 binding protein Is a soluble, 
oligomcric CD40 ligand selected ftom the group owisisiing of: 

(a) a peptide comprising amino acids I through 261, 35 through 261, 34 through 
225. 113 through 261. 1 13 through 225, 120 through 261, or 120 through 225 of SEQ ID 
Na2; 

(b) fragments of a peptide according to (a) thai bind CD40; 

(c) pepddcs encoded by DNA which hybricUzes to a IWA that encodes a peptide of 
(a) or (b), under stringent conditions Oiybridization in 6 X SSC ai 63*C overnight; washing 
in 3 X SSC at 55'C). and which bind to CD40; 

(d) a polypeptide accoiding to (a) wherein acysteine at amino acid 194 ut r^laced 
with another amino add selected from the group consisting of tryptophan, 
serine, aspartic acid, and lysine; and 

(c) a fragment of the polypeptide of (d) which binds CD40; 
and an oligomer*forming peptide. 
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19. ApoputatkOTofantlgeii-apttiffcTcdlsiHBducedly 

(a) obtaiiiing dendritic celk fiom an individual: 

(b) causing ibc dendritic cells to e>q>n»s liie anUgcn by either (i) exposing die 
dendritic cells to the antigen in culture under conditions promoting uptake and processing of 
the antigen, or fu) transfecting the dendritic odls with a gene encodin 

(c) activatiqg (he antigei^expiessiog dendritic cells by espoabig them to a CD40 
Wading protein capable of bindiiig CWO and inhibiting bindii^g of CD40 to CD40L, as 
detemrincd by observing at least about 90% inhibition of the binding of soluble CD40 to 

(d) allowing the deodriiie cells to isesent die antigen to T cells. 

20. The population accordmg to daim 19. wherein the CEMO bindmg protein h; a 
siriuble. oligonicric CD40 ligand selected Cram the group consisting of: 

(a) apeptidecomprisiiujaniino acids I through 261. 35 through 261. 34 through 
225. 113 through 261. 113 through 225. 120 through 261. or 120 through 225 of SEOID 
NOa; 

(b) fragments ofa peptide according to (a) that bind CD40: 

(c) Pepa«teencodedbyDNAwhichhybridizestoaDNA*ihaiencodesapeptideof 
(8) or(b).anderstringBm conditions (hybridization in 6 XSSC at fiS'C overnight; washins 
in3XSSCat55-C),andwhichhindtoCI>IOj 

(d) npdypepdde according to (a) wherein a cyslcuie at ammo acid 194 is replaced 
with another amfao acid selected from itc group consisting of tryptophan, 
serine, a^paitic acid, and lysine; and 

(e) a fragment of the polypeptide of (d) which hinds CD40; 
and an digomer-fonnhig peptide. 
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